Previous studies have shown that secondary lymphoid chemokine, CCL21, can be used for modulation of tumorspecific immune responses. Here, using B16F0 melanoma cells stably expressing CCL21 under the control of cytomegalovirus and ubiquitin promoters, we showed that CCL21-activated immune responses depend on the amount of melanoma-derived chemokine, which, in turn, depends on the strength of the promoter. We showed that ubiquitin promoter -driven expression of CCL21 enabled massive infiltration of tumors with CD4 + CD25 À , CD8 +
Introduction
The incidence of cutaneous malignant melanoma is increasing at a faster rate than any other cancer, both globally and in the United States (1) . Immunotherapy has emerged as one of the most promising treatments of this melanocytic malignancy. Various vaccine therapies to achieve immune-based melanoma rejection have been successfully tested in preclinical animal models and several clinical trials. However, clinical studies have shown that existing therapeutic approaches are generally ineffective or prohibitively expensive.
Recently, chemokines have attracted considerable interest within the field of tumor immunotherapy. Chemokines are small proteins that are involved in immune and inflammatory responses. One of them, secondary lymphoid chemokine CCL21 (also known as SLC or C6kine), is prominently expressed in high endothelial venules and within T-cell zones of secondary lymphoid organs, where it recruits naive T cells and antigen-presenting cell (APC), such as dendritic cell, via a mechanism known as chemoattraction. This mechanism is based on CCL21-mediated activation of the G protein -coupled receptor CCR7, which is expressed in maturing dendritic cell and T lymphocytes. Interaction between the ligand (CCL21) and the receptor (CCR7) triggers a cascade of intracellular events that promotes changes in expression of adhesion molecules and cytoskeletal rearrangement. These changes enable directional migration of the CCR7 + cells along the CCL21 gradient (2) . It has thus been suggested that this chemokine may promote recruitment of APC and T lymphocytes to a tumor mass to facilitate antigen recognition and enhance tumorspecific immune responses. In support of this concept, it was recently shown that the presence of CCL21 in the vicinity of a tumor induces infiltration of tumors with dendritic cell and CD8 + T cell and leads to immunemediated inhibition of melanoma (3), lung (4) , and colon (5) carcinomas in experimental animals. Splenocytes isolated from these CCL21-treated mice showed greatly enhanced CTL activity against tumor cells (5) . The chemoattractive properties of CCL21 were also used in the development of the dendritic cell -based vaccines. Using adenoviral gene transfer, CCL21 was expressed in tumor-associated antigen -pulsed dendritic cell. Treatment of tumor-bearing mice with these genetically altered dendritic cells resulted in tumor growth inhibition and remission in some of the experimental tumors (3, 6) . However, in these various experimental tumor models, the utilization of CCL21 as a protein, even at a very high dosage or in combination with dendritic cell -based and DNA-based vaccines (5 -8) , resulted in temporal remission of tumors or in their complete obliteration in 20% to 60% of experimental animals.
Our current data show that strong ubiquitin promoterdriven expression of CCL21 led to elevated levels of melanoma-derived CCL21, which stimulated massive infiltration of both CD4 + and CD8 + T cells into developing melanomas, activation of melanoma-specific immune responses, and generation of strong, melanoma-specific protective immunity that was transferable into naive mice via splenocytes and CD8 + central memory T cells (T CM ). CCL21-induced immune responses were sufficient for the obliteration of primary CCL21-positive tumors as well as obliteration of wild-type (WT) B16F0 melanomas inoculated at distant sites. In contrast to previous findings, these responses were observed in all animals inoculated with CCL21-expressing melanomas.
Materials and Methods
Cloning of Murine CCL21 Murine CCL21 cDNA (Genbank accession no. MMU88322) was amplified from total RNA extracted from mouse lymph nodes via reverse transcription-PCR using 5 ¶-ATGGCTCAGATGATGACTCTGAGCCTC-3 ¶ direct and 5 ¶-ATGGAGAGCAGGTTCAGGTCT-3 ¶ reverse primers. The PCR product was subcloned into pCUB and pcNDA 3.1 Zeo expression vectors under the control of ubiquitin and cytomegalovirus (CMV) promoters, respectively. Plasmids were designated as pCUB-CCL21 and pCMV-CCL21.
Cell Culture B16F0 mouse melanoma cells were obtained from the American Type Culture Collection (CRL6332). Derivative CCL21-positive B16F0 cells were cultured in DMEM supplemented with 10% fetal bovine serum, 2 mmol/L L-glutamine, and 10 mg/mL penicillin/streptomycin. Medium and supplements were purchased from Invitrogen. Normal mouse melanocytes, Melan-a, were kindly provided by Dr. D. Bennett (St. George's Medical School, London, United Kingdom).
Generation of the CCL21-Expressing Melanoma Cells CCL21-expressing B16F0 melanoma cells were generated via cotransfection of parental B16F0 cells with pPur (Invitrogen) and either pCUB-CCL21 or pCMV-CCL21 vectors followed by selection with puromycin (1 Ag/mL) for 4 weeks. Puromycin-selected single clones were analyzed for CCL21 expression and secretion. Individual clones showing the highest levels of CMV-driven and ubiquitin promoter -driven expression of CCL21 were established as cell lines and designated as B16F0-CMV-CCL21 and B16F0-UB-CCL21, respectively. In parallel, mock-transfected and selected clones were established and designated as B16F0-CMV-Mock and B16F0-UB-Mock, respectively.
Western Blotting and ELISA Assays For CCL21 expression and secretion analysis by Western blot, B16F0 and CCL21-expressing B16F0 cells were grown to 80% confluency and then either lysed or cultured for an additional 72 h in a serum-free medium. The serum-free medium was collected and concentrated 50 times. Proteins from lysates and concentrated medium were separated on 18% Tris-glycine gels, transferred onto polyvinylidene difluoride membranes, and probed with CCL21-specific antibodies (R&D Systems) diluted 1:5,000. Immunocomplexes were detected by horseradish peroxidase -labeled secondary antibodies and visualized using SuperSignal WestFemto Detection kit (Pierce). For the quantitative ELISA assay, B16F0, B16F0-CMV-CCL21, and B16F0-UB-CCL21 cells from pools and individual clones were seeded in 100 AL of culture medium onto 96-well plates (5 Â 10 5 per well) and kept in culture for 48 h. Medium was then collected, purified, and subjected to the mouse CCL21 ELISA assay (R&D Systems) as advised by the manufacturer.
In vivo Tumor Inoculation and Monitoring CCL21-mediated activation of melanoma-specific immune responses was tested in vivo on naive C57BL6 (Charles River Laboratories) and B6. Tumor growth for each animal was recorded as tumor area. At the end of the first, second, and third weeks, control (B16F0 inoculated) and experimental (B16F0-CMV-CCL21 and B16F-UB-CCL21 inoculated) animals (n = 3 per group per each time point) were euthanized and tumors were excised, measured, and either snap frozen for indirect immunofluorescence or used for other assays as described below. For the prolonged experiments and collection of splenocytes and blood sera, an additional four groups of naive C57BL6 mice (five animals per group) were inoculated with B16F0-UB-CCL21 cells as described above.
Indirect Immunofluorescence Tumor samples collected at various time points were embedded into OCT compound (Sakura Finetek USA, Inc.) and frozen. Sections (7 Am) were fixed with methanol for 13 min at À20jC, washed with TBS, blocked with 1% bovine serum albumin in TBS for 1 h, and incubated with primary antibodies overnight at +4jC. Immunocomplexes were detected with secondary antibodies labeled with Alexa Fluor 488 or Alexa Fluor 594 (Invitrogen). Antibodies against mouse CD45, CD4, CD8, and CD25 were from R&D Systems. Antibodies against CD11c were from BD PharMingen.
Preparation of Splenocytes, Lymphocytes, CD8 + T cells, and Fluorescence-Activated Cell Sorting Analysis Splenocytes were isolated from excised spleens according to standard protocol (9) . For the analysis of tumorinfiltrating lymphocytes, excised tumors were minced into small pieces, and single-cell suspensions were obtained in a similar way as the splenocytes. An enriched population of CD8 + T cells was obtained by negative selection using MACS superparamagnetic microbeads (Miltenyi Biotech) according to the manufacturer's protocols and used for the assessment of cytotoxicity.
For the fluorescence-activated cell sorting (FACS) analysis, equal aliquots of single-cell suspensions (1 Â 10 5 cells per assay) from spleens or tumors were incubated with anti-CD4, anti-CD8 antibodies conjugated with FITC, or anti-CD45 antibodies conjugated with phycoerythrin (R&D Systems) according to the manufacturer's protocols. Quantitation of labeled cells was done by FACS using CellQuest software (BD Bioscience).
Annexin-Based and Live/Dead Cytotoxicity Assays The cytotoxicity of the lymphoid cells isolated from naive, B16F0-inoculated, and B16F0-UB-CCL21 -inoculated mice was measured against B16F0, B16F0-UB-CCL21, Melan-a, and CHO-K1 target cells by Annexin-based cytotoxicity assay described previously (10) . Briefly, splenocytes were cultured in vitro for 5 days in the presence of the complete medium or B16F0 cell extracts. Duplicate aliquots of effector cells (1 Â The cytotoxicity of splenocytes and enriched CD8 + T cells was also measured using flow cytometry -based live/dead cell -mediated cytotoxicity assay (Invitrogen).
Before the assay, all splenocytes were depleted from macrophages by the adherence method, and all effector cells were cultured in the presence of B16F0 cell extracts as described above. 
Analysis of Humoral Immune Responses
To determine the presence of the melanoma-reactive antibodies, blood samples were collected from all animals at the time of euthanasia. Sera were obtained according to standard protocol (11) and analyzed for the presence of melanoma/melanocyte-reactive antibodies by a whole-cell immunofluorescence assay. B16F0 and Melana cells (1 Â 10 4 per well) were seeded onto 96-well plates and cultured for 24 h. Cells were fixed with À20jC cold methanol and blocked with 1% bovine serum albumin in TBS. Diluted mouse serum (50 AL; 1:20 or 1:200) from control and experimental mice was added to the wells and incubated at +4jC overnight. Melanoma/ melanocyte-bound antibodies were detected by Alexa Fluor 488 -conjugated anti-mouse Ig (Invitrogen). Fluorescence intensity was measured on the Biotech FL600 fluorescence plate reader (Biotech, Inc.).
Challenge and Adoptive Transfer Two weeks after complete rejection of the B16F0-UB-CCL21 tumors, mice (n = 6) were challenged with i.d. inoculation of WT B16F0 cells (1 Â 10 5 per inoculation) into the left flanks. Tumor development was monitored thrice weekly.
To show adoptive transfer, mice that rejected CCL21-positive and secondary B16F0 tumors were additionally challenged with B16F0 tumors 40 days after rejection of the second challenge. Concurrently, naive C57BL6 mice (three groups, five animals per group) were inoculated with 5 Â 10 5 B16F0 cells. Seven days after tumor inoculation, splenocytes were isolated from the challenged mice (n = 2) and from the B16F0-inoculated naive mice (control splenocytes). Splenic cells were transferred into another set of B16F0-inoculated naive mice via i.v. injection, one group in this set (n = 5) receiving control splenocytes and another group receiving cells isolated from tumor-rejecting animals. Immunemediated rejection of WT melanomas was monitored as described above.
For the isolation of the CD8 + T CM cells, CD8 + CD62L high T cells were selected from the total population of splenocytes isolated from tumor-rejecting mice by negative selection using MACS superparamagnetic microbeads. CD8 + CD62L high cells were labeled with FITC-conjugated anti-CD44 antibodies and life sorted on the Coulter EPICS Elite cell sorter (BD Bioscience). The resultant population of the CD8 + CD62L high CD44 high was designated as T CM cells. These cells were i.v. injected into a third group of B16F0-inoculated naive mice. Immune-mediated rejection of WT melanomas in these mice was monitored as described above.
CCL21-Mediated Rejection of Distal Melanoma
Two groups of mice (n = 5 per group) were inoculated in the right and left flanks with 1 Â 10 5 WT B16F0 and B16F0-UB-CCL21 cells, respectively. Two additional control groups of animals (n = 5) were inoculated in a similar way with B16F0 and B16F0-UB-Mock cells. Tumor development in these mice was monitored for 3 weeks twice weekly as described above.
Statistical Analysis For comparisons of individual groups, one-way ANOVA tests were done. For comparisons of two treatment groups, Student's t tests were done. Statistical significance is achieved at P < 0.05.
Results

Characterization of the CCL21-Expressing Melanoma Cells
Single individual clones of B16F0 cells stably expressing murine CCL21 under the control of CMV and ubiquitin promoters (B16F0-CMV-CCL21 and B16F0-UB-CCL21) were selected according to the expression of the chemokine (Fig. 1A) . The levels of the CCL21 expression and secretion in established cell lines were determined by Western blot and ELISA analyses. As shown on Fig. 1B , ubiquitin-driven secretion of CCL21 into culture medium was approximately four times greater than that driven by the CMV promoter as determined by densitometric analysis of the Western blots. ELISA-based quantitation of CCL21 secretion showed that, during 48 h, 5 Â 10 5 B16F0-UB-CCL21 cells secreted 5.4 times more chemokine (820 pg) than B16F0-CMV-CCL21 cells (150 pg; Fig. 1C ).
Tumor Rejection Mediated by Melanoma-Derived CCL21
To investigate whether melanoma-derived CCL21 triggers attraction of immune cells and immune-mediated eradication of tumors in vivo, B16F0, control (B16F0-CMVMock and B16F0-UB-Mock), B16F0-CMV-CCL21, and B16F0-UB-CCL21 cells were i.d. injected into C57BL6 and SCID mice. During the first week of tumor development, the differences between control and experimental tumors were insignificant in both mouse strains ( Fig. 2A) . However, within 11 days, WT and control melanomas increased in size, whereas CCL21-expressing tumors did not grow beyond 12 mm 2 in C57BL6 mice. After this time point, WT and control tumors progressed rapidly, whereas B16F0-CMV-CCL21 tumors remained at approximately the same size for at least an additional 4 days. In contrast, B16F0-UB-CCL21 melanomas started to regress and shrank on average to 6 mm 2 by day 15 in all animals. At later time points, B16F0-CMV-CCL21 tumors restarted their growth, whereas B16F0-UB-CCL21 melanomas gradually regressed. Based on size and weight measurements at 2 weeks after tumor inoculation (Fig. 2B) , WT melanomas were on average five times bigger than B16F0-UB-CCL21 tumors. By day 21, animals bearing WT and control melanomas were euthanized, B16F0-CMV-CCL21 melanomas progressed, whereas B16F0-UB-CCL21 tumors were barely detected in mouse skin as pigmented spots (Fig. 2B) . By day 40, no visible tumors were present in mice inoculated with B16F0-UB-CCL21 cells.
When B16F0 and B16F0-UB-CCL21 cells were injected into SCID mice, no significant difference in growth rates between control and CCL21-expressing tumors was observed, indicating the important role of adaptive immunity in the rejection of CCL21-positive melanomas.
CCL21-Mediated Recruitment of APCs, T Lymphocytes, and Cytotoxic Immune Responses
To investigate the mechanism of CCL21-mediated tumor rejection, we analyzed the phenotypes of infiltrating cells in tumors excised 2 weeks after inoculation by indirect immunofluorescence. Initially, we examined the presence of the CD11c + APC and CD45 + leukocytes in WT and B16F0-UB-CCL21 tumors. As compared with B16F0 melanomas, CCL21-positive tumors were characterized by the increased presence of CD11c + APC and a massive infiltrate of CD45 + cells in deeper recesses of the tumor mass. Interestingly, CD45 + cells evenly infiltrated the tumors, whereas CD11c + cells were primarily detected at the periphery (Fig. 3A) . Most of the CD45 + -infiltrating cells expressed CD4, whereas the majority of leukocytes on the periphery expressed CD8. The majority of tumor-infiltrating CD4 + T cells were CD25 À , although some of the cells at the periphery were identified as CD4 + CD25 + regulatory T cells (Fig. 3A) .
To verify the data obtained by indirect immunofluorescence, we did quantitative FACS analysis. As shown in 
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and CD8
+ T cells were actively recruited to the CCL21-expressing melanomas. However, at 2 weeks, 35% of total cells infiltrating the tumors were CD45 + leukocytes, of which 60% were CD4 + and 35% were CD8 + T lymphocytes. Melanoma-specific cytotoxicity of splenocytes was assessed by the Annexin V -binding CTL assay. As shown in Fig. 3C , splenocytes isolated from tumor-rejecting mice exhibit cytotoxicity toward all melanocytic cells (Melan-a, B16F0, and B16F0-CCL21). However, these cells were twice as effective in killing WT and CCL21-positive melanoma compared with melanocytes (Melan-a). The cytotoxicity of splenocytes toward melanoma cells was on average 3.4 times greater than that of the splenocytes from B16F0-inoculated animals and 7.5 times greater than that of splenocytes isolated from naive mice. We further determined the contribution of different cell types to the overall lytic effect using B16F0 and YAC-1 cells as targets, the total population of splenic cells, and CD8 + T cells as effectors. As shown on Fig. 3D , at an E:T ratio of 50, 8% of total splenic cell cytotoxicity was found to be natural killer cell dependent, whereas 45% was found to be CD8 + T lymphocyte dependent, as seen from the lytic activity of splenic cells against YAC-1 and B16F0 targets.
Humoral Immune Responses
To investigate whether CCL21-mediated infiltration of tumors with CD4 + T cells leads to the activation of humoral immunity, sera collected from B16F0-inoculated and B16F0-UB-CCL21 -inoculated mice sacrificed 2 weeks after tumor inoculation were examined for the presence of the melanoma/melanocyte-reactive antibodies. As determined by whole-cell immunofluorescence assays, sera from all B16F0-UB-CCL21 -inoculated animals contained antibodies that recognized melanoma-derived antigens. Based on fluorescence intensity, serum samples (1:20 dilution) showed an average of 42% cross-reactivity with melanoma when compared with a positive control (gp100-specific aPEP13 antibodies; Fig. 4A and B) . At a higher dilution of both sera and aPEP13 antibodies (1:200), serum samples showed 54% cross-reactivity of the positive control. In contrast, only one serum sample from B16F0-inoculated animals (mouse 2) showed low reactivity with melanoma cells. Sera from all B16F0-UB-CCL21 -inoculated animals were also found to be cross-reactive with mouse melanocytes (Melan-a), suggesting recognition of shared antigens ( Fig. 4C and D) .
Challenge, Adoptive Transfer, and Rejection of Distal Melanoma
To investigate whether mice that rejected primary CCL21-positive tumors acquired protective immunity against WT melanoma, tumor-rejecting mice (n = 5) were inoculated with secondary B16F0 tumors 20 days after complete remission of primary tumors (Fig. 5A) . Although (Fig. 5B) , they completely cleared in all challenged mice within the first 10 days (Fig. 5C) . Three of five mice that rejected secondary melanomas were challenged with a third i.d. inoculation of WT tumors 30 days after complete remission of the secondary tumors. Similarly, these tertiary tumors were completely rejected within 5 to 7 days after the third challenging inoculation. To date (20 months, more than two thirds of an average mouse life span), one of three mice remains alive and melanoma-free (the other two mice were euthanized to obtain splenocytes for the adoptive transfer experiments).
To investigate whether acquired protective immunity could be transferred to naive mice via splenocytes, C57BL6 naive mice (n = 20) were inoculated with primary WT melanoma as described above. Seven days later, these mice received 4 Â 10 6 splenocytes collected either from animals that rejected secondary tumors or from control (B16F0 inoculated) mice. During first 4 days, tumors developed similarly in control and experimental animals (Fig. 5D) . At later time points (7 days and thereafter), no delays in tumor outgrowth were observed in control mice, whereas melanomas rapidly regressed in all experimental animals. By day 15 (day 22 after tumor inoculation), WT tumors were diminished and seen on mouse skin as small pigmented spots with no palpable depth. Meanwhile, adoptive transfer of 1 Â 10 5 CD8 + CD62L high CD44 high T CM cells into tumor-bearing mice resulted in an even more rapid recognition of melanoma as deduced from the greater inhibition of tumor development (Fig. 5D) . The outgrowth of melanomas in experimental animals was slowed within 3 days after adoptive transfer. During the next 7 days, tumors in all these mice regressed significantly and, by day 22, were seen on mouse skin as small pigmented spots. Taken together, these results clearly indicate that the observed rejection of primary CCL21-positive tumors resulted in acquisition of melanoma-specific protective immunity.
To test whether tumor-derived CCL21 can trigger immune responses sufficient for the rejection of distal melanomas, naive C57BL6 mice (n = 10) were inoculated with WT tumors and then, 5 days later, with B16F0-UB-CCL21 or B16F0-UB-Mock cells into the opposing flanks. Tumor development was monitored twice weekly for 4 weeks. B16F0 and B16F0-UB-Mock melanomas inoculated into the same animals developed at a similar rate (Fig. 5E , solid and open squares). Meanwhile, inoculation of CCL21-expressing tumors resulted in the inhibition of B16F0 melanoma progression within the first 8 days. By day 27, WT tumors seemingly regressed and were slightly bigger than the B16F0-UB-CCL21 tumors (Fig. 5E, solid and open  circles) . Indirect immunofluorescent analysis of the excised B16F0 and B16F0-UB-CCL21 tumors showed their heavy infiltration with CD8 + T cells (Fig. 3A) , indicating involvement of cellular immunity in the inhibition of distant tumors. These data clearly indicate that immune responses activated against CCL21-positive melanoma are systemic and can target WT tumors.
Discussion
Previously, it has been shown that intratumoral injection of recombinant CCL21 or stable expression of the chemokine by tumor or dendritic cells significantly delayed tumor progression and stimulated cytotoxic immune responses (3 -6) . However, these previous attempts to elicit tumorspecific immunity using CCL21 in vivo resulted in partial tumor remission or complete regression of some but not all treated tumors. Here, we described an experimental system in which melanoma-derived CCL21 alone promoted activation of melanoma-specific systemic immune responses sufficient for rejection of the experimental melanoma in vivo. These striking results can be attributed to several differences in experimental protocol. First, we used the ubiquitin promoter to drive the expression of CCL21. This is a strong constitutive promoter that provided higher level of CCL21 expression and secretion when compared with the commonly used CMV promoter. Melanoma-derived CCL21 had no effect on melanoma cell proliferation and migration in vitro (data not shown) and on tumorigenic potential of the tumor in vivo. For example, CCL21-positive melanomas in immunodeficient B6.CB17-Prkdc scid /SzJ mice developed with a similar rate as WT tumors in C57BL6 mice (Fig. 2B ). Yet, a slight delay in progression of CCL21-positive tumors in SCID mice points to a possible contribution of CCR7 + natural killer cells (12) to the melanoma targeting. Regardless of the contribution of the natural killer cells in restricting tumor growth, the robust expansion of all melanomas in SCID mice pointed to a crucial role of adaptive immunity in CCL21-dependent tumor regression.
The involvement of T lymphocytes in CCL21-mediated tumor targeting has previously been shown (4, 5) . However, in contrast to previous findings, when B16F0-UB-CCL21 cells were used for tumor inoculation, melanomas were heavily infiltrated with CD4 + CD25
À T cells, Figure 4 . Analysis of melanoma-specific antibody production. A, relative reactivity of the sera against B16F0 cells. Sera were collected from mice inoculated with WT (m1' -m4') or B16F0-UB-CCL21 melanomas (m1 -m10 ). B, photographs of representative immunostainings of B16F0 melanoma cells with serum-derived antibodies. Top, source of sera or antibody. C, relative reactivity of the sera against Melan-a mouse melanocytes. Sera were collected from mice inoculated with WT or B16F0-UB-CCL21 melanomas. D, photographs of representative immunostainings of Melan-a cells with serum-derived antibodies. Top, source of sera or antibody. Data were collected from three independent measurements and presented as mean F SD. which were detected in tumors as early as 48 h after inoculation (data not shown). These cells persisted in the tumor mass, and by 2 weeks, they represented 50% of all tumor-infiltrating CD45 + leukocytes or 18% of all cells in the tumor. Taken together, these results suggest that elevated levels of melanoma-derived CCL21 promote infiltration of the tumors primarily with CD4 + CD25 À T cells. Considering the results of recent investigation showing the ability of CCL21 to promote expansion and Th1 polarization of the T cells in vitro (13), our data suggest that melanoma-derived CCL21 not only directs the migration of naive CD4 + CD25 À T cells to developing melanomas but also stimulates expansion of the primed CD4 + T cells. Development of antitumor vaccines often aims at generation of strong antitumor T-cell reactivity (14) . Although CTLs are crucial effector cells against cancer, the high frequency of HLA class I antigen down-regulation in malignancies may limit the effectiveness of vaccines aimed at stimulating CTL responses (15, 16) . In addition, recent studies showed that even a massive influx of activated CD8 + T cells in a patient with malignant melanoma was not sufficient for inhibition of tumor progression (16) . Moreover, previous attempts to use CCL21 for the stimulation of tumor-specific immunity (3 -8) , although successful in eliciting tumor-specific cytolytic CD8
+ T-cell -dependent responses, were not sufficient for eradication of the tumors in vivo in 100% of treated animals. Taken together, these findings suggest that generation of tumor-reactive CTLs is often inadequate for effective tumor immunotargeting. With respect to CD4 + T cells, it has been shown that CD4 + CD25 À T-helper (T h ) cells facilitate CD8 + T-cell activation, survival, and function (17) . In the absence of CD4 + CD25 À T h cells, CD8 + memory T cells exhibit impaired functionality and an inability to control secondary tumor challenge (18) . By contrast, CD4 + CD25 + regulatory T cells were shown to suppress CD8 + memory T cells (17) . Here, we presented compelling evidence that generation of CD4 + CD25 À T h cells is critical for the induction, and most likely the maintenance, of melanoma-specific immune responses sufficient for complete tumor rejection.
Furthermore, we noted that different subsets of T lymphocytes were differentially distributed in tumors. For instance, CD4 + CD25 À T cells were evenly distributed throughout the tumor mass, whereas CD8 + T cells primarily accumulated at the periphery of tumor nodules at least during first 2 weeks after tumor inoculation. Interestingly, CD11c
+ tumor-infiltrating APCs as well as CD4 + CD25 + regulatory T cells were also primarily found at the periphery. Because mature dendritic cells may be able to activate CD8 + T cells in the absence of the CD4 + T cells (19) , our finding suggested that T h -cell -independent priming of CTLs as well as inhibition of the CTL activity 
